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[57] ABSTRACT 

A system and method for an amplifier control circuit is 
provided which does not require the use of a large oflf-chip 
or on-chip capacitor for achieving a low frequency coupling 
comer, while still eHectively allowing AC coupling the data 
detection circuit. In addition, the input ofiOset voltage to the 
amplifier may be compensated and the inherent random low 
frequency input voltages provided to the amplifier may be 
controlled or canceled. Further, the amplifier control cir- 
cuitry includes a freeze capability which allows the control 
circuitry to halt all updates to the input offiset/low frequency 
control circuit when the voltage input signal is interrupted. 
In addition low frequency control and oflfeet compensation 
updates may be performed without causing large output 
signal glitches so that the integrity of the received signal will 
not be compromised. In a preferred embodiment the system 
and method may be utilized for data detection circuits 
utilized in conjunction with optical disks. 

14 Claims, 7 Drawing Slieets 
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SYSTEM AND METHOD FOR CONTROL OF ihal the signals from the optical pickup may exhibit low 

LOW FREQUENCY INPUT LEVELS TO AN frequency variations. The data rates transmitted from the 

AMPLIFIER AND COMPENSATION OF data storage media may typically be centered at 25 to 30 

INPUT OFFSETS OF THE AMPLIFIER frequency variations typically less than 5 

5 kHz and more generally from 1 kHz to DC. Such input 

BACKGROUND OF INVENTION signal low frequency variations may result from a number of 

p. , - - . - . undesirable factors including the inaccuracies in the tracking 

1. hield ot me lnvcnlion ^^.^.^^ ^p^.^^, p^^j^p^ thermal drift of the transim- 
Tlic present inveDlion relates to the correction or com- pedance ampUfier within the optical pickup, disk reflectivity 

pensalion of ampUficr input offsets and the control of low variations, and disk spin flutter. Thus, it is desirable to 

frequency variations in amplifier mput signals, and more ^Q^trol the low frequency variations in amplifier input 

particularly, control of amplifier input ofikets and control of signals 

low frequency variations in amplifier input signals utilized ^ ^^^^ ^^^^^ challenges in that defects on the 

mdatadetectioncircuitssuchas forexample.datadetection ^^^^ ^^^^ ^.^^ manufacturing defects) 

circuits used with optical data disks. ^^^^^ frequency disturbances, interruptions, gaps, 

2. Description of Related Art ja^a spikes, data dropouts, data occlusions or other data 
In many data detection circuits an amplifier is used to abnormalities (collectively called data disturbance) in the 

boost an electrical signal received from a data storage media, input signal. These defects thus complicate the input offset 

such as a CD-ROM, DVD, or other optical disk, magnetic compensation and control of the low frequency variations in 

hard disk, etc. In the case of optical disks, the electrical amplifier input signals since it may be desirable to hold 

signal is generated from light that is reflected off an optical constant (or "freeze") offisct adjustments when such defects 

disk and converted to electrical pulses. The electrical pulses are encountered. 

may then be transmitted to the front end of a variable gain in the prior art, methods for passing low frequency signals 

amplifier prior for further signal processing. Data detection variable gain amplifiers without passing unwanted large 

circuits may also be combined with circuitry for write iqw frequency variations have included simple AC coupling 

operations. For example, circuitry for both read and write techniques that use resistors and large value capacitors to 

operations may be combined read/write channel circuits couple signals onto an integrated circuit. Because of long 

utilized with magnetic hard disks. In contrast, some optical constants (low frequency cutoff), the capacitor is large, 

disks are utilized in read only systems and thus the data Large capacitors require prohibitively large areas and are not 
detection circuit need not be combined with write circuitry. 3^ typically integrated with the amplifier. Thus, these capaci- 

In many data detection applications, the received electri- tors are off-chip (i.e. not within the integrated circuit which 

cal signal represents a corrupted digital signal which is contains the amplifier and other data detection circuitry) as 

reconstructed downstream of the amplifier. In these shown in FIG. 1. FIG. 1 illustrates a signal source V^.^ 10 

applications, the spectral content of the received signal may (for example a signal from an optical disk) which is amph- 
have significant energy at very low frequencies. In addition 35 fied with a variable gain amplifier (VGA) 16. The amplifier 

to the low frequency information content, the input offset output 18 is then provided for further signal processing by 

voltage of the amplifier is frequently as large or larger than the remaining portions of the data detection circuitry which 

the amphtude of the received signal making it imperative may include, for example, an analog to digital converter 

that an offset cancellation scheme be used to cancel the DC (ADC) 17. Dashed line 15 indicates a division between 
offset of the amplifier while still passing the low frequency 40 off-chip structures (V^,^ 10 and the capacitor C,„ 12) and the 

and high frequency signal spectra. on-chip structures (VGA 16 and the resistor 14). Disadvan- 

When implementing amplifiers in the data detection cir- tages of the above approach are that an off-chip capacitor is 
cuitry of optical storage systems, additional concerns exist. required, and a separate circuit is needed to compensate the 
For example, the optical pickup (or read bead) may operate input offset voltage of the variable gain amplifier. Moreover, 
at a higher supply voltage level than the signal processing 45 such systems generally are unable to freeze or bold the low 
circuitry of the data detection circuit. Typical optical pickups frequency control and offset compensation during data dis- 
may operate at voltage levels such as 5 volts whereas it may turbances. Further, servo information is often present at very 
be desirable to implement data detection circuit using a 3.3 low frequencies and the use of off-chip capacitors would 
volt supply or less CMOS circuitry. Thus, it would be lose such information prior to the data inputs of a data 
desirable to protect the amplifier circuitry from the higher 50 detection circuit. Because many data detection systems are 
vohage levels produced by the optical pickup without dis- highly integrated and incorporate servo circuitry, such a loss 
torting the data signal. Furthermore, because of the very of information is generally unacceptable, 
high speed signals encountered with optical disks, it is Prior art continuous time input oflset cancellation meth- 
desirable that the amplifier have a wide enough bandv.adth ods have included control loops which sense the output 
to be able to process the data without attenuating the high 55 offset of an amplifier and then feedback a voltage or current 
frequency information. To optimize the amplifier bandwidth signal that cancels the random offset built into the amplifier, 
vs. current usage relationship, it is desirable to operate the These circuits can also be used to cancel ofikets from 
amplifier in a region where the quiescent point is approxi- previous amplifier stages. FIG. 2 shows an example of such 
mately half the supply voltage so that the whole dynamic system. FIG. 2 illustrates the use of an analog servo loop 
range of the amplifier may be utilized while maximum bias 60 technique for canceling offsets. As shown in FIG. 2, a 
current flows in the amplifier. To achieve such results, feedback loop from the outputs 18 of the VGA 16 is 
compensation of the input offset voltage of the amplifier provided through an analog low pass filter (LPF) 22 and 
(which is an inherent error source in amplifiers and which analog control circuitry 20. However, the capability of 
may result from a number of factors) must be performed. freezing the amplifier control is not possible when defects or 

Attempts to maintain the voltage levels at the inputs to the 65 gaps are encountered. Also, the size of on chip capacitQr(s) 

variable gain amplifier relatively constant to maximize the required in the low pass filter are still prohibitive when the 

dynamic range of the amplifier are fiirther complicated in coupling frequency is low. 
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SUMMARY OF INVENTION amplifier input impedance of the first input node. The 

Tht problems and difficulties described above may be !=^";«J "nay ftirther compr^ compensating the ampUfier 

, . , , - ,, r *u . I » u ■ rnpux offset and controlling the low frequency content of the 

addressed by use of all or part of the contFol techniques , . , .u .u . 1 1 * ■ • ^ . i 

, . . . w _ J- 1 1 . « I'fi— data signal with the control loop to mmimize offset vohages 

disclosed hercm. More particularly, an ampuner control ^ , r ♦ i . .u re ♦ ♦ ^ j 
circuit is provided which does not require the use of a large ' ^""^ low frequency signals at the amphfier output node and 

off^hip or on-chip capacitor for achieving a low frequency "l^^rmpting the compensatmg and controlhng step when a 

coupUng corner, whUestiUeffecUvelyallo^gACcoupling ^^^urbance m the data signal occurs, 

of the data detection circuit. In addition, the input offset of 1° ^o^^^er embodiment, a data storage system is 

the amplifier may be compensated and the random low provided. The data storage system may include a data 

frequency signals present in the input data provided to the storage medium and a data detection circuit coupled to the 

amplifier may be controlled or canceled. Further, the ampli- ^^ta storage medium to receive a data signal. The system 

fier control circuitry includes a freeze capability which ^ amplifier withm the data deiecUon 

allows the control circuitry to halt all updates to the offset/ circuit, the amplifier coupled to the data signal, and a control 

low frequency conu-ol circuit when the voltage input signal ^o^p coupled to an input and an output of the ampUfier. The 

is interrupted, such as may occur from a disk defect. In control loop may generate a control signal that is provided 

addition, low frequency control and offset compensation ^^e amplifier input to compensate for input offsets and 

updates may be performed vvithout causing large output control low frequency content of the data signal, 

signal glitches so that the integrity of the received signal will Another embodiment may include data detection circuit 

not be compromised. In a preferred embodiment the system capable of being coupled to a data storage medium to receive 
and method may be utilized for data detection circuits ^° a data signal. Ilie circuit may include an amplifier withinlhe 

utilized in conjunction with optical disks. data detection circuit, the amplifier coupled to the data 

In one embodiment, a method of operating a data storage signal, and means for simuhaneously compensating the 

system is provided. The method may include providing data "^P^^ ^^^^ ^^Itage of the amphfier and controlhng the low 

from a disk storage medium, coupling the data to a data frequency content of the data signal, the means also allowing 

detection circuit input, presenting the data to at least one compensation and control to be halted in a hold state, 

amplifier within the data detection circuit, and generating a ^o^^er data detection circuit may include a data input and 

control signal from a control loop around the amplifier. The ^n amphfier coupled to the data mpul. The amphfier may 

control signal may be coupled to at least one amplifier input include at least a first input and a first output. A control loop 
node. The method also includes compensating for the input ,^ ^o^Pl^^ bcXwccn at least the first mput and at least the first 

ofikel vohage of the amplifier with the control signal, and o^^P^^ P^o^i^e ^^^st one control signal to the first mput. 

controlling the low frequency content of the data with the circuit may further include a data disturbance signal 

control signal. The method may further include interrupting ^^P^^^ "^^^^^ loop, the control loop responsive to 

the controlling and compensating steps when a disturbance disturbance signal to halt or freeze the control 

in the data occurs. In another embodiment, a method of signal. 

operating a data storage system may include transmitting Yet another data detection circuit is also provided. This 

data from a data storage medium to a data detection circuit, data detection circuit may comprise a plurality of differential 

amplifying the data with an amphfier within the data detec- data inputs, the differential data inputs capable of receiving 

tion circuit, conU-olhng at least one amplifier input based at data from a data storage medium. The circuit further 
least in part upon an output of the amplifier, and halting the ^ includes at least one differential amplifier, a first amphfier 

control of the amplifier input when a data disturbance occurs input node of the differential amplifier coupled to at least one 

during the transmitting step. of the plurahty of differential data inputs and a second 

In another embodiment, method of operating a data detec- amplifier input node of the differential amplifier coupled to 

tion circuit is provided The method may comprise providing ^^^st one of the plurality of differential data inputs. A 
input data to an amplifier, generating control signals based 45 ^0°^°! ^^^p is coupled to the first amplifier input node and 

upon an output of the amplifier for application to an input of 1^^^ ^^^P^^ differential amplifier, and 

the amplifier, and ceasing or holding the application of the ^° impedance matchmg circuit is coupled to the second 

control signals to the input of the amplifier when the input amplifier mput node, the impedance matchmg circuit creat- 

data is interrupted ^°P^^ impedance at the second amplifier input node 

In yet another embodiment, a method of controlling the 50 '"P"' i'"P«^'^« ^V^^^^ inP"' 

output of an amplifier is provided. This method may include " ®* 

amplifying a data signal with the amplifier to generate an BRIEF DESCRIPTION OF THE DRAWINGS 

amplifier output where the data signal includes unwanted • . u . j »u . *u a a a mi . » i 

t ... J .u ic u-u* • . It is to be noted that the appended drawings illustrate only 

low frequency vanations and the amplifier exhibits input . . ... . r!/ . j r 

ofisets^e method may further include coupling a contiol 55 P'^'*="?*' cmbodmienis of the mvcnlwn and are. therefore, 

loop between an amplifier input node and the amplifier '«? a.nsidered hmmng of its scope, for the mvenuon 

. * J -m. *u J r • 1 J »• *u may mclude other effective embodiments, 

output node. The method may also mclude compensatmg the • r 

input offset of the ampUfier and controlling the low fre- ^ ^ ^ ^ock diagram of a pnor art method for 

quency content of the data signal with the control loop to coupling low frequency signals to an amplifier, 

minimize offset voltages and low frequency signals at the 60 ^ ^ ^^^^^ diagrams of pnor art oflset cancellaUon 

amplifier output node. techniques. 

In another embodiment, a method of operating an elec- FIG- 3 is a block diagram of an optical disk data storage 

trical circuit is provided. The method may include providing system. 

a single ended input signal to a first input node of a FIG. 4 is a block diagram of the data path of a data 
differential amplifier, providing a conU-ol loop from an 65 detection circuit. 

output of the amplifier to the first input node, and matching FIG. S is a block diagram of a portion of the circuit of 

the amplifier input impedance at the second input node to the FIG. 4. 
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FIG. 6 is a diagram of ihe cootrol circuits of the present optical pickup. The electrical signals shown in FIG. 4 are 

invention. displayed as single ended signals, however, it will be rec- 

FIG. 7 is a diagram of an altemalive control circuit of the ognized that the signals may be dififerential signals and any 

nresent invention illustrations or discussions herein may be equally applicable 

i-ii-. o • -11 . .• i_ J- . r f s in single ended or differential systems. 

FIG. 8 IS illustrative embodiment of a portion of the ^ j . • . c-i i ^ * .« . d tt. 

. I . . f . . *^ The data mputs 52 are coupled to an attenuator 54. The 

control circmts of the present invention. , , » .u ^ * • * - ■ tu 

*^ . ^ ^ ^ attenuator serves to attenuate the data input signals since the 

HG. 9 is illustrative embodiment of a low pass filter of the ^^^^ j^p^j ^-^^^ ^ operating at voltage levels that are 

control circuits of the present invention, ^^^^^j. maximum allowable voltage level for sub- 

FIG. 10 is illustrative embodiment of an amplifier for use sequent circuitry. The output of the attenuator 54 is provided 

with the present invention. to a variable gain amplifier 56, The control block 59 

nPTAif Pn nP<;rRiPnoM np thp provides control (feedback) loops through which low fre- 

DETAILED DE^mmON OF THE ^^^^^^ ^^^^^j ^^^^ ^g^^ compensation maybe be 

implemented. The output of the variable gain amplifier 56 is 

FIG. 3 illustrates a data storage system 40 in which the ^5 provided to a low pass anti-aliasing filter 58 through which 

present invention may be utilized, llie data storage system the signals pass to the remaining signal processing circuitry 

may include a disk 41 and a read head 42. In one as shown. The variable gain amplifier 56 may also receive an 

embodiment, the disk 41 may be an optical disk such as a input from a digital to analog converter (DAC) for operation 

CD-ROM or a DVD disk and the read head 42 may be an of the system level automatic gain control. Together, the 

optical pickup such as holographic or astigmatic heads 20 attenuator 54, control block 59 and variable gain amplifier 

which utilize photodiode arrays to convert optical signals to 56 may be viewed as a summation and gain circuit 51 as 

electrical signals. Coupled to the read bead 42 is a data indicated by the dashed line in FIG. 4 and shown in more 

detection circuit 44. In the case of an optical storage system, detail in an exemplary embodiment in FIG. 5. 

the data detection circuit 44 may be a DVD/CD-ROM DSP As shown in FIG. 4, four inputs are provided to an 

(Digital Signal Processor) and decoder circuit compatible 25 attenuator 54 which provides an output to a single VGA 56. 

with industry interface standards such as the standard IDE/ The summing of the four photodiode signals to the output of 

ATA interface and more specifically the ATAPI (AT Attach- a single VGA output may be accomplished in a number of 

ment Packet Interface) interface. A local microcontroller 46 manners. One exemplary embodiment of circuit block 51 of 

may be coupled to the data detection circuit 44. The micro- FIG. 4 is shown in FIG. 5, however, many other embodi- 

controller 46 and the data detection circuit 44 may also be 33 ments may also utilize the invention described herein. As 

coupled to a host computer 49. The data detection circuit 44 shown in FIG. 5, four attenuators 54a are provided, one for 

may be coupled to the host computer through a portion of the each differential data input PD A, PD B, PD C, and PD D. 

host computer's ATA bus 48. The optical disk, pickup head. The outputs of the attenuators 54a are then provided to four 

microcontroller, and host computer may be any of a wide static variable gain amplifiers 56a. Control circuits 59a are 

variety of commercially available components. 35 coupled to the outputs of each of the static variable gain 

The data storage system 40 shown in FIG. 3 is just one amplifiers 56a for providing control signals to the static 

illustrative example of a data storage system. Other data variable gain amplifiers 56a and the attenuators 54a. The 

storage systems may also utilize the present invention. For outputs of the of the static variable gain amplifiers 56a are 

example, magnetic disk drive systems utilizing a read chan- summed together in the summing variable gain amplifier 

nel circuit as a data detection circuit may also utilize the 40 56b. A control circuit 59a may also be provided around the 

present invention. Further, though shown separately, various summing variable gain amplifier 566. The output of the 

components of the data storage system may be combined or summing variable gain amplifier is then provided to the 

additional components may be considered to be part of the dynamic variable gain amplifier 56c. The control circuits 

system including components such as RAM, ROM, power 59a may provide input offset compensation and low fre- 

supply circuits, and other circuits. In addition, though shown 45 quency control of the signals provided to the amplifier as 

as separate from the host computer, the data storage system explained in more detail below. 

may be integrally formed within a computer or alternatively, As shown in FIG. 5, the gain control of the input signal 

the data storage system 40 may be formed as a stand alone may l5e accomplished by utilizing stages of variable gain 

unit independent of a host computer. Moreover, certain amplifiers. More particularly, each stage may provide gain 

features of the present invention are not limited to the use of 50 adjustments directed at compensating different types of 

data storage systems and may be utilized in many other variations in the input signal level. For example, as shown 

electronic circuits in which amplifiers are present. in FIG. 5, static variable gain amplifiers 56a and the 

FIG. 4 is a functional block diagram of a portion of the dynamic variable gain amplifier 56c are included as part of 

data detection circuit 44. In particular, the data channel 50 of the system level gain control. In particular, coarse system 

an exemplary data detection circuit 44 is shown. It wiU be 55 level gain control may be set statically by a microcontroller 

recognized that the data detection circuit may also include signal provided to the static variable gain amplifiers 56a. 

other circuitry, such as for example, servo amplifier The coarse gain control may typically be utilized to account 

circuitry, retiming or synchronization circuits, servo for systematic time invariant signal levels. The fine gain 

circuitry, decoder circuitry, interface circuitry, etc. It will control may be set under real time (or dynamic) control by 

also be recognized that the data channel 50 is just one 60 providing a DAC signal that is part of the automatic gain 

exemplary data channel and that other data channel circuits control loop to the dynamic variable gain amplifier 56c. The 

may also utilize the disclosures made herein. As shown in DAC signal may be an 8-bit signal providing 256 steps of 

FIG. 4, data inputs 52 (PD A, PD B, PD C, and PD D) are fine gain control. Generally, the coarse gain control may be 

provided from an optical pickup. Each of the four inputs 52 set prior to performing data read operations within the data 

may represent an output from one of four photodiodes (PD) 65 storage system. Thus, the coarse gain control may be utilized 

within the optical pickup. Typically, the photodiode outputs before a read operation is begun to center the data signal 

are amplified with a transirapedanoe amplifier within the within the dynamic range of the fine variable gain amplifier. 
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A system user may set and leave constant the coarse gain 
control based upon known system variables, or alternatively, 
signal strength detection circuitry could be used prior to read 
operations (either prior to each read or at some predeter- 
mined period) in order to determine the coarse gain neces- 
sary at any given time. No matter when the coarse gain 
control is set, it may be desirable to make coarse gain 
adjustments during a period other than when data is being 
read so that large voltage glitches do not occur during a data 
read. The fine gain control is thus utilized for fine real time 
variations in the input signal level. By utilizing separate 
coarse and fine gain control, the dynamic range of the 
overall gain control may be improved for a given DAC 
accuracy. 

As mentioned above, FIG. 5 is one example embodiment 
for implementing the present invention. For example other 
embodiments may be utilized in which the four amplifiers 
56a do not have individual control loops 59a provided 
around each amplifier. Rather, the outputs of the amplifiers 
may be summed together and a control loop may than 
provide a control signal to each individual amplifier based 
upon the output of the summation of the amplifier outputs. 
In such an embodiment the control circuit would compen- 
sate the input ofiEsets of the amplifiers based upon an average 
of the input offsets of all of the amplifiers. 

An illustrative embodiment of the present invention may 
be seen with more particularity with reference to the circuit 
of FIG. 6, which is one embodiment of an attenuator 54a, 
control circuit 59a, and amplifier 56a of FIG. 5. As shown 
in FIG. 6, the control circuit 600 includes voltage inputs V.„^ 
60 and V,„„ 70 which may be, for example, an electrical 
signal representative of data from an optical disk as provided 
by an optical pickup. Often the signals provided from an 
optical pickup may be single ended. This single ended signal 
may be provided to the voltage input V^^ 60. For a single 
ended pickup output, the voltage input 70 may then be 
coupled to the reference voltage that the pickup utilizes such 
as, for example, the ground of the pickup or a circuit board 
ground. Thus, the inputs may be considered pseudo- 
differential since the input signal is only provided on one of 
the two inputs and the other input is utilized to couple a 
desired reference voltage to the amplifier. Since high fre- 
quency noise interference rejection is of concern, the refer- 
ence voltage may be coupled to the voltage input 70 
through an AC coupling capacitor so as to couple the circuit 
board noise to the voltage input. In this manner high 
frequency noise signals may be coupled to the amplifier as 
a common mode voltage signal thus minimizing the differ- 
ential noise signal at the amplifier outputs. 

The voltage signal 60 is provided to an on-chip input 
which is coupled to a resistor 62 (Rj). Resistor 62 is also 
connected to a node 61. Node 61 is also connected to resistor 
64 (Rj) and resistor 66 (R3) as shown. Resistors Rj and Rj 
together operate as the attenuator 54a of FIG. 5. The resistor 
66 (R3) is also connected to node 63. The current from node 
63 to resistor R3 is designated as the i<^^ current as shown. 
Node 63 also serves as one input to an amplifier 68 while 
node 71 serves as the other input. An impedance matching 
circuit 65 is provided between the 70 input and the 
amplifier input node 71. The matching circuit 65 provides an 
impedance which matches the impedance seen at the ampli- 
fier input node 63. By matching the impedances at each 
amplifier input node, the differential noise signals from on 
chip interference sources at the amplifier input may be 
minimized by making the on chip noise common mode. 
Thus for example, the use of impedance matched inputs may 
improve the amplifier power supply rejection ratio (PSRR) 



^1,169 

8 

and help reject other sources of noise injection. By utilizing 
the psuedo-differential input techniques disclosed herein in 
combination with the matching circuit, effects of both off- 
chip and on-chip noise may be minimized. Thus, for 

5 example, without the matching circuitry on-chip noise (such 
as noise in the Vdd power supply) may be coupled into the 
amplifier as a differential signal at the amplifier inputs. 
However, using pseudo-differential inputs having the match- 
ing circuitry helps to minimize the impact of such on-chip 
noise at the differential outputs. An exemplary circuit for use 
as the impedance matching circuit is shown in more detail 
with reference to FIG. 8. The amplifier 68 may be, in an 
example embodiment, a variable gain amplifier such as 
amplifiers 56a and S6b of FIG. 5. The amplifier control 
principles disclosed herein, however, are not limited to 

15 amplifiers used for data detection circuits or even variable 
gain amplifiers, but rather are applicable to a wide range of 
applications and types of amplifiers. 

The outputs 72 of the amplifier 68 are provided for 
transmitting data to further signal processing circuitry. A 

20 control loop is provided around the amplifier 68 from the 
amplifier outputs 72 to the amplifier input node 63. Though 
an ideal amplifier would provide a zero output voltage when 
no input voltage signal is provided, an input voltage offset 
is generally required due to various mismatches, tempera - 

25 ture effects, etc. in order to provide a zero output voltage. 
The control loop shown provides a mechanism in which 
offiset compensation is utilized in order to compensate for 
such amplifier inaccuracies. 

As shown in FIG. 6, each of the amplifier outputs 72 are 

3Q provided to a clocked analog comparator 74. The compara- 
tor 74 generates an ouptut signal indicating which output of 
the amplifier 68 is greater. The output of the comparator 74 
is then provided to a digital low pass filter 75. The low pass 
filter 75 has a four bit binary output (the UP bit, the UP 

35 compliment UPB bit, the DOWN bit, and the DOWN 
compliment DOWNB bit) which are provided to a charge 
pump 76. The low pass filter also receives the data distur- 
bance signal 73. 

The output of the charge pump 76 is connected to a 

40 storage capacitor 78 and the gate of a transistor 80. 'VUo 
source of transistor 80 is connected to a voltage supply while 
the drain of transistor 80 is connected to node 63 to complete 
the control loop. Alternatively, rather than utilizing the 
comparator 74, an analog to digital converter may be used 

45 in its place. Together, the comparator 74, low pass filter 75, 
charge pump 76, the storage capacitor 78 and the transistor 
80 may be viewed as part of the control circuit 59a of FIG. 
5. It will be recognized, however, that a suitable control loop 
may be formed with different circuit elements and still 

50 accomplish the concepts of the present invention. 

The control loop from the output of the amplifier 68 to the 
input node 63 operates such that the comparator 74 delects 
an offiset difference between the amplifier outputs 72. The 
comparator 74 provides a signal to the charge pump 76 

55 (through the LPF 75) which indicates which of the outputs 
of the amplifier 68 is greater. Depending upon whether the 
voltage at the input of the amplifier 68 needs to be adjusted 
upward or downward, the charge pump 76 either removes 
charge or adds charge respectively from the storage capaci- 

60 tor 78. The voltage on the storage capacitor 78 also controls 
the voltage on the gate of transistor 80 and the stored voltage 
is therefore converted to a current via the transconductance 
of transistor 80. The current through transistor 80 adjusts the 
control current, i«»,m)i» *hus completing the servo loop and 

65 the oGscX compensation. 

The attenuator structure formed by resistors R^ and R2 of 
FIG. 6 decreases the amplitude of the received input signal 
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to protect the CMOS gates of the data detection circuitry 
which may be designed for lower breakdown levels than the 
operating levels of the input voltage source 60 (for example 
an optical pickup). In particular, if the input impedance of 
the amplifier 68 is assumed to be a relatively small 5 
capacitance, the voltage at node 61 will be: 

10 

and the voltage appearing at node 63 will be: 

Therefore, the attenuation of the input voltage 60 through 
the attenuating circuitry of the resistors is dependent upon 
the resistor values and the voltage level at node 63 is 
dependent upon the resistor values and the icontroi current, 20 
which is dependent upon the control loop through compara- 
tor 74, charge pump 76, storage capacitor 78, and transistor 
80. 

Thus by varying the i^omn^ current as shown, the voltage 
at node 63 can be used to control the input voltage 10 the 25 
amplifier. If the control loop has a very narrow band width, 
this is equivalent to low frequency control of the amplifier 
input. Therefore, both the input ofisel of the amplifier and 
control of low firequency input voltages are controlled by 
one control loop. 30 

Several sources of voltage glitches may be present in the 
system disclosed herein. First, each time that the charge 
pump 76 provides a discrete amount of charge to the storage 
capacitor 78, a voltage glitch which may result in excessive 
noise at node 63 may occur since a relatively abrupt tran- 35 
sition is made in the voltage at node 63. However, by 
varying the storage capacitor size, the charge pump current, 
and the time that the current is applied to the storage 
capacitor, the size of the update glitch may be controlled for 
a given transconductance of transistor 80. For example, the 40 
storage capacitor may have a capacitance of 20 pF, the 
charge pump may provide a 10 nA current for 8 nsec, and the 
transistor transconductance may be 600 /Siemens. Another 
source of voltage glitch results from channel charge and 
overlap capacitor voltage division. This voltage glitch may 45 
be reduced by the use of a low pass filter placed between the 
charge pump 76 and the storage capacitor 78 such as shown 
in FIG. 7. As shown in FIG. 7, the output of the charge pump 
76 is provided to a filter capacitor 90 (CF) and a filter resistor 
92 (RF). The filler resistor 92 is also coupled to the storage 50 
capacitor 78 and the gate of transistor 80 as shown. 

In an alternative embodiment to that shown in FIG. 6, the 
charge pump 76, storage capacitor 78 and transconductance 
of transistor 80 may be replaced through the use of a digital 
to analog converter (DAC) since these circuit elements in 55 
FIG. 6 operate with a DAC like behavior. The use of a DAC 
in place of these elements may be independent or in con- 
junction with replacing the comparator 74 with an ADC For 
example, an 11 or 12 bit differential current DAC may be 
utilized for providing more resolution of the output. 60 
However, the circuitry shown in FIG. 6 may be advanta- 
geous io that the circuit size may be smaller. 

In yet another alternative embodiment, the resistor R3 of 
FIG. 6 need not be utilized. By removing the resistor R3 
more current is utilized for the ictmtnfi current and thus power 65 
usage is increased. However, though the power usage 
increases, the thermal noise performance will be improved. 
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Thus, the use of and value of resistor R3 will be dependent 
upon a balancing of power and noise considerations. 

Thus, as described above a variable gain amplifier and 
control loop circuitry is provided to receive relatively high 
frequency disk data, for example data centered at 25 MHz. 
The control loop circuiu^ provides a single mechanism that 
corrects or calibrates both the amplifier's own input offset 
voltage but also minimizes the effect of low frequency 
variations (typically 5 KHz or less and more typically 1 KHz 
to DC) in the input signal provided to the amplifier from the 
optical pickup head. In this manner, inaccuracies in the input 
signal and inaccuracies in the amplifier may be addressed. 
Moreover, the control loop may be implemented without the 
use of large off-chip AC coupling capacitors. Because the 
control loop responds with updates relatively slowly even 
though the disk data may be changing at a high frequency, 
the effective AC coupling comer provided by the control 
loop is low. Moreover, the control loop allows for continu- 
ous operation of the control loop. Thus, control (or 
calibration) may be provided continuously. Such continuous 
calibration is particularly advantages in optical disk data 
storage systems where data is often provided continuously 
without predetermined segmentation of the data such as 
often provided by arrangement of data sectors in magnetic 
disks. 

However, though the control loop may be providing 
updates at a continuous but relatively slow rate, the detection 
of disturbances, interruptions, gaps, data spikes, data 
dropouts, data occlusions or other data abnormalitites in the 
data signal being transmitted from the storage media 
(collectively called data disturbance) in the high frequency 
may occur relatively quickly. When a data disturbance is 
detected, the control loop provided herein allows for a quick 
freeze or holding of the control loop. Thus, when a data 
disturbance is detected the updates from the control loop 
may be quickly held so that changes in the polarity of the 
offset corrections are not made based upon data distur- 
bances. Moreover, when it has been detected that a data 
disturbance has ceased, the control loop allows for a fast 
recovery from the freeze or hold state. Because the com- 
parator is placed in the control and because the control loop 
allows for the offset and low frequency control to be held, 
the control loop provided herein is a non-linear control loop. 

The hold or freeze mechanism of the control loop my be 
activated when a data disturbance is detected during the 
digital processing of the data. For example, the digital logic 
such as the ADC shown in FIG. 4 may be operating at high 
frequencies such as 118 MHz. An envelop detector 57 and 
a defect detect circuit 55 may be utilized to determine when 
a gap in the data signal from the disk (i.e. a data disturbance) 
has occurred by sensing changes in the data envelop and 
sensing the absence of a transition. When such a disturbance 
is detected a disturbance signal 73 may be provided to the 
low pass filter 75 of FIG. 6. 

The low pass filter output bits (UP, UPB, DOWN, and 
DOWNB) may have three states, an up state (UP bit 
asserted), a down state (DOWN bit asserted) or a no change 
slate (neither the UP or DOWN bits asserted. In response to 
the data disturbance signal 73 the output of the low pass 
filter may be changed to the no change state. More 
particularly, when the comparator 74 indicates that an 
increase in the voltage at the amplifier input node 63 is 
required, the loop filter UP bit may be asserted and when the 
comparator 74 indicates that a decrease in the voltage at the 
amplifier input node 63 is required, the loop filter DOWN bit 
may be asserted. However, when a data disturbance is 
detected the data disturbance signal 73 may override loop 
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filler output such that neither the UP nor DOWN bit are outputs are provided at nodes 63 and 71, which in turn will 

asserted. Thus, when a data disturbance is detected, the low be connected to the amplifier inputs (not shown). The 

pass filter may be controlled to provide a necessary output attenuator outputs 63 and 71 are connected to the transcon- 

to the charge pump so that the charge pump does not change duclance transistor SOp and 80/j respectively. The storage 

the charge on the storage capacitor. Thus, in response to the 5 capacitors C,^ and C,„ and the filter capacitors C^^ and Cy.„ 

low pass filter output bits, the charge pump may be con- are also provided. The filter resistance as shown in FIG. 

trolled to add, remove or make no change to the charge on 7 is provided through the use of transistors which are 

the storage capacitor. In this manner when a data disturbance connected to bias voltages as indicated by the resistances R^^ 

is detected the charge pump updates may be frozen and the and R^^. The input to the filter formed by and R^ is 

loop control thus held constant. It will be recognized that the lO provided by three transistors 802, 804, and 806 which are 

freeze or hold of the control loop may be accomplished in Aliased through an ibiasj current source as shown to set the 

other manners without the use of the loop filter. For example, input common mode voltage. 

the charge pump may be designed to directly receive the The storage capacitor C^, filter capacitor C^. filter resis- 

coraparalor output and the data disturbance signal and still tof R/h» transistor 80/i and resistors Ri„, R^^, and R3„ are 

achieve the benefits of the present invention as disclosed is utilized on the n-side of the circuit of FIG. 8 in order to 

herein. provide matched circuits at each side of the pseudo- 

In this manner the control loop may be viewed as having differential amplifier inputs. Thus, these circuits elements 

two modes of operation. In a first mode which may be ?ct as the matching circuit 65 of FIG. 6 to provide an 

denoted as a normal operating mode (when data distur- impedance which matches the impedance seen at the ampli- 

bances are not delected), the control loop operates as a high 20 ipp"' matching the impedances at each 

pass filter having a pole frequency sufiScient to eliminate a amplifier input node, on chip interference signals at the 

substantial amount of the low frequency offset (for example amplifier input may be minimized. Thus for example, the use 

1 kHz). In a second mode which may be denoted as a hold of impedance matched inputs may improve the rejection of 

mode (when a data disturbance has been detected), the unwanted interference including amplifier power supply 

control loop is held at its last value, thus, the pole frequency 25 rejection ratio (PSRR). In this manner, balanced impedances 

of the high pass filter approaches zero. In one embodiment, may be present at the differential inputs even though the 

it may be desirable to allow such a hold mode to last up to control loop is only operating on one of the amplifier inputs, 

approximately 1 msec. The input for the filter on the V^^ side of the circuit is 

During circuit operations it may be desirable to provide shown as the output of charge pump 76 labeled node CP^,. 

more than one rate of updates by the control loop. For 30 Outputs of the comparator circuit (not shown) are provided 

example, the comparator 74 of FIG. 6 may be clocked at 118 as inputs to the charge pump. The four charge pump inputs 

MHz. However, the output of the low pass filter 75 may be include an UP signal indicating the need to increase the 

clocked at only 1.84 MHz when data is being read from the voltage at node 63 and a DOWN signal indicating the need 

disk so that updates to the charge pump (and any associtated decrease the voltage at node 63. Further, the inverted 

glitches) are minimized during sensitive data read opera- 35 signals UPb and DOWNb are also provided. As shown in 

tions. Further, when data is not being read from the optical FIG. 8, the four charge pump input signals are provided to 

disk but rather a seek operation is being performed as the the gates of four charge pump input transistors 810. The 

optical pickup is moving rapidly firom one point to another charge pump output CP^, is provided at the node shared by 

on a disk, the low pass filter may be clocked to provide the drain of two of the transistors 810. The node CP^/^ is 

updates at the 118 MHz rate. 40 provided al the common drain node of the other two tran- 

The principles of the present invention may be obtained sistors 810. llie nodes CP^„, and CP^,^^ are coupled together 

by utilizing any of a variety of amplifiers, comparators, low by a voltage follower amplifier which includes the transis- 

pass filters, or charge pumps for those respective elements of to's 812. Bias currents ibiasj, ibiasj, ibiasj, and ibias4 and 

the circuit of FIG. 6 or even replacing those elements with DC voltages and are also provided as shown 

other circuitry such ADCs and/or DACs. It will be rccog- 45 In operation, the inputs to the charge pump 76 (the outputs 

nized that the specific circuit elements chosen may be from the comparator and low pass filter) are provided at a 

dependent upon the application (i.e., optical data detection, fircquency of 118 MHz lo indicate whether charge should be 

magnetic detection, other amplification purposes, etc.) and added to or removed from the storage capacitor. Typical 

the various design specifications, rules and criteria. An values for the various circuit elements of FIG, 8 include: 

example circuit for use as the charge pump 76, attenuator, 50 
storage capacitor 78, and filter is shown in FIG. 8. Such a 
charge pump may be known as a steered current charge 
pump. A steered current charge pump may be utilized 
because such charge pumps operate well at high speeds. In 

particular, rather than turning the charge pump on or off, a 55 
steered current charge pump operates such that current may 
always be flowing and when a change is desired in the output 

current, current is merely steered to or from the output in the In an embodiment where it is desirable to conserve power, 

desired amount. Other types of chaige pumps may also be the resistance of R3 may be lowered and voltages provided 

utilized. 60 at and ^ooz^ The value of the ibiasj current may be set 

Within FIG. 8, the differential voltage inputs V^^ and so that the common mode voltage (the voltage at the 

(which may correspond to an input from one optical pickup attenuator outn node) is approximately 1.8 V. The selection 

photodiode) are provided to the attenuator 54a. Each input of the common mode voltage is dependent 00 balancing 

Wi^j, and is attenuated through corresponding resistors several factors. For example, it is desirable that the input 

Ri^ R^, and R3^ and Rj^, 1^ and R3„ respectively (as 65 transistor gates be protected from high voltages and that the 

utilized herein, corresponding structures for the differential amplifier be biased near the half supply value in order to 

signals will be denoted with a "p" or "n"). The attenuator maximize bandwidth. Further, since the low frequency con- 
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trol loop shown herein operates to only puU up the amplifier 
input node 63, the maximum low frequency voltage level 
contained in the input signal provided to the amplifier should 
be less than the common mode voltage so that the low 
frequency voltage may be controled. The maximum optica! 5 
pickup head DC voltage is typically approximately 3.4 V 
and the attenuator provided herein reduces the amplifier 
input to approximately 1,7 V. Thus, setting ibias 1 such thai 
the common mode voltage applied to amplifier input node 
71 is 1.8 V will be sufficient to address the various design lO 
considerations present in the exemplary embodiments 
shown herein. 

The ibias2 and ibias4 are set so that the charge from the 
charge pump provides a voltage step or glitch of less than 
approximately 50 |^V. It will be recognized that the present is 
invention is not limited though to the ^ecific embodiments 
shown and numerous other arrangements and values of the 
circuit elements may be utQized in order to achieve the 
benefits of the present invention. - 

The circuits disclosed herein may be useful with a wide 20 
variety of low pass filters. An exemplary low pass filter for 
use as the low pass filter 75 is shown in FIG. 9. As shown 
in FIG. 9, the low pass filter receives an input 901 which 
may be a digital 1 or 0 output provided from the comparator 
74. The input 901 is provided to a digital gain stage 903 25 
which has an output coupled to an accumulator 905. l^e 
accumulator 905 accumulates the comparator output over a 
period of time. The accumulator 905 is coupled to a decoder 
907. Based upon the data within the accumulator 905, the 
decoder 907 controls the low pass filler output bits UP, UPB, 30 
DOWN, and DOWNB. When a voltage increase is desired, 
the UP bit is asserted and when a voltage decrease is desired, 
the DOWN bit is asserted. The decoder may also operate 
such that when the data within the accumulator indicates that 
no updates or control is necessary at the amplifier input then 3S 
neither the UP nor DOWN bit are asserted. Thus even 
though the comparator 74 constantly has a high or low 
output, updates are not necessarily always being performed. 
For example if the amplifier input offset is within a desired 
level, updates may not be performed. In this manner, unnec- 40 
essary voltage pitches and updates are limited. In this 
manner the low pass filter may slow down the updates of the 
comparator and thus the low pass filter averages out the 
updates from the comparator. Therefore, updates may be 
provided to the storage capacitor at a less frequent rate than 4S 
the clock rate of the comparator. 

The decoder 907 may also operate in response to the data 
disturbance signal 73. When the data disturbance signal 73 
indicates a disk data disturbance, the decoder outputs may be 
controlled such that neither the UP nor DOWN bits are 50 
asserted. Thus, when the data disturbance signal 73 is 
asserted no updates to the amplifier input voltage are made. 
The data disturbance signal 73 may be asserted for the entire 
period that the disturbance is delected. In this manner, the 
control loop is frozen and the control system essentially 55 
coasts through defects without making addition control 
changes at the input to the amplifier. 

In addition to coasting through defects, it may be desir- 
able that the control loop operate such that when control is 
initiated again after a data disturbance, the control loop 60 
begins again based upon data which was received just prior 
to detecting the data disturbance. This may be accomplished 
by also providing the data disturbance signal 73 to the gain 
stage 903. When the data disturbance signal 73 indicates the 
presence of a dau disturbance, the gain stage 903 may 65 
respond to the data disturbance signal 73 by changing the 
gain of the gain stage to zero. Therefore, data from the 



comparator 74 which results from a data disturbance is not 
stored in the accumulator and the accumulator remains 
constant at its state just prior to the data disturbance. When 
the data disturbance ceases, the gain stage is released from 
a zero gain state and the accumulator begins accumulating 
data again. 

The circuits disclosed herein may be useful with a wide 
variety of amplifiers including variable gain amplifiers. FIG. 
10 provides an illustrative embodiment for use as variable 
gain amplifiers 56a and 56b. As shown in RG. 10, the 
amplifier 1000 may be formed from three stages, an input 
stage 1001 and a first output stage 1003 and a second output 
stage 1005. Diflerential input signals may be provided at the 
^inp input 1007 and the input 1009. The differential 
outputs are provided at the V^^^ output 1011 and the V„„„ 
output 1013. 

The input stage 1001 may include a plurality of input 
transistors. In the example embodiment shown, six input 
transistors are provided. In particular input transistors Mia, 
M16, and Mlc and input transistors M2a, Mlb, and M2c are 
provided. These input transistors may be viewed as three 
matching pairs of input transistors: Mia and M2a, Mlb and 
M26, and Mlc and M2c (as shown in FIG. 10, the input 
transistors are paired according to the letter a, b, or c). The 
size of the transistors may be such that the size ratio of the 
M1:M2:M3 transistors is 2:2:4 as shown in the figure. Each 
of the input transistors has its drain coupled to at least one 
switch. In operation, selected input transistors are utilized by 
activating the switches so that at any given time the input 
stage is comprised of one or more of the pairs of differential 
input transistors. More particularly, the switches coupled to 
the drains of the input transistors are operated so that at any 
given time the differential pair of input transistors is com- 
prised of one or more of the three pairs of transistors (Mia 
and M2fl, or M16 and M26, or Mlc and M2c). 

The drains of the input transistors of the input stage 901 
are also switchably coupled to a plurality of ciurent sources 
1031 (50 M), 1033 (50 /iA), 1035 (lOO/iA), 1037 (100 juA). 
1039 (50 /^A), and 1039 (50 The sources of the input 
transistors of the input stage 901 are switchably coupled to 
a tail current which may be comprised of current sources 
1021 (100 /iA), 1023 (100 M). and/or 1025 (200 M)- The 
gates of input transistors Mia, Mlb, and Mlc are connected 
to the Wi„p input 1007 while the gates of the input transistors 
M2a, M26, and M2c are connected to the input 1009. 

A plurality of switches are provided so that the differential 
input transistors, the drain currents and the tail currents may 
be switchably selected in order to obtain the desired coarse 
gain control. More particularly, a first set of five switches SI, 
a second set of three switches S2, a third set of two switches 
S3, a fourth set of two switches S4 and a fifth set of three 
switches S5 are provided. In operation, all of the SI switches 
will be opened or clased together, all of the 82 switches will 
be opened or closed together, all of the S3 switches will be 
opened or closed together, etc. For example, if only switches 
SI are closed then during operation the input stage will be 
comprised of drain current sources 1031 and 1041, differ- 
ential input transistors Mlc and M2c, and tail current source 
1025. Similar if switches SI and switches S3 are closed then 
during operation the input stage will be comprised of drain 
current sources 1031 and 1041, differential input transistors 
Mlc, M2c, Mlb and M26, and tail current source 1025. 
Likewise if switches SI, switches S2, and switches S3 are 
closed then during operation the input stage will be com- 
prised of drain current sources 1031, 1033, 1039 and 1041, 
differential input transistors Mlc, M2c, Mlb and M2b, and 
tail current source 1023 and 1025. In this manner a variety 
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of addilional combinations of current sources and transitors 
may be obtained by select ably opening or closing various 
combinations of the switches. 

The first output stage 1003 of the differential amplifier 
1000 includes transistors M3 and M4 having sources 5 
coupled to a bias current source I,„.;3. The drain of transistor 
M3 is coupled to a current source 1051 and also coupled to 
its gate to form a diode connected transistor. The gate of 
transistor M3 is coupled to the output 1011 and the 
drains of the input transistors M2fl, M2b, and M2c, The gate 
of transistor M4 is coupled to the input node 1007. 
Similarly, the second output stage 1(M)5 is symetrically 
formed from transistors M5 and M6, bias current source 
Ift„72» and current source 1053. 

In operation, the amplifier 1000 may be controlled 
through the switches S1-S5 to provide five different course 
gain levels. In particular, the gain of the amplifier is adjust- 
able to five different gain levels by adjusting the transcon- 
ductance of the input stage 1001 to one of four different 
values. More particularly, the transconductance of the input 
stage may be adjusted by providing adjusting the effective 20 
transistor size of the input transistors utilized in the amplifier 
and/or adjusting the current through the transistors. The 
selectable operation switches S1--S5 provides the user with 
a means to adjust both the transistor size and current 
parameters, in one embodiment, the course gain control may 25 
provide five course gain control levels from -6 dB to +6 dB. 
More particularly, the table below illustrates the state of the 
switches for the desired coarse gain level: 



GAIN 


SI 


S2 


S3 


S4 


S5 


-6 dB 


closed 


opened 


opened 


opened 


opened 


-3 dB 


dosed 


opened 


closed 


opened 


opened 


OdB 


closed 


closed 


closed 


opened 


opened 


+3 dB 


closed 


opened 


opened 


closed 


closed 


+6 dB 


closed 


closed 


closed 


closed 


closed 



The course gain control provided herein may also be halted 
or frozen similar to the amplifier control loop as discussed 40 
above when a data disturbance is detected. Thus, when a 
data disturbance is detected the control signals to the 
switches may be held so that the coarse gain is held constant 
throughout a data disturbance. 

The switches S1-S5 may be formed from either n-channel 4S 
or p-channel transistors. However, in a preferred embodi- 
ment each switch coupled between the current sources 1031, 
1033, 1035, 1037, 1039, and 1041 and the drains of the 
differential input transistors Mia, Mlb, Mlc, M2fl, M2b, 
and M2c are all formed by using a p-channel device. Thus, 50 
the drain switching utilized by may achieved through the 
using only p-channel transistors for the switches coupled to 
the input transistor drains. The switches coupled to the tail 
current sources 1021, 1023 and 1025 may be n-channel 
transistors. The use of p-channel switches may be parti cu- 55 
larly advantages in light of the specific data storage system 
and control techniques shown herein. More particularly, as 
discussed above an exemplary circuit may include a com- 
mon mode voltage of approximately 1.8 V. Further, the 
amplifier shown herein operates such that the common mode 60 
voltage at the input is approximately equal to the common 
mode voltage at the output. Thus, the magnitudes of the DC 
voltages at the outputs 1013 and 1011 of the amplifier 1000 
shown in FIG. 10 may approach 1.8 V. If n-channel devices 
were chosen as the drain switches, with a voltage of 1.8 V 65 
the transistor switdies may be close to or within Ibe tran- 
sistor active state region rather than only within the transis- 
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tor triode state (or resistive region). The selection of 
p-channel devices ensures that for the exemplary circuit 
conditions disclosed herein the transistors utilized for the 
drain switches operate as a resistive switch (triode region 
operation). The use of p-channel drain switches need not be 
hmited to the specific amplifier design and application 
shown herein. More particularly, the p-channel drain switch- 
ing techniques will be advantageous in other designs and 
applications where low power supply voltages are encoun- 
tered. 

Thus, as described above, the amplifier 1000 provides for 
a course gain control to one of five different levels through 
the use of drain switches. By utilizing the drain switches 
shown herein, coarse gain control of the amplifier may be 
obtained without substantially affecting the bandwidth of the 
amplifier. The use of drain switching provides gain control 
which substantially does not affect the dominate pole of the 
amplifier which is to a first order the transconductance of 
each output stage divided by the total parasitic capacitance 
of the input and output stages. More particularly, the use of 
drain switches does not significantly change the total para- 
sitic capacitance since the additional parasitic capacitance 
created by adding the switching devices is relatively small 
compared to the total parasitic capacitance. Further, the 
switches do not significantly impact the output impedance of 
the arapUfier since the output impedance is predominately 
impacted by the impedance of the node which is driven by 
the low resistance value produced by the diode connected 
transistor in each output stage. Thus, the switches which are 
coupled to the input transistor drains and the output nodes do 
not significantly degrade the bandwidth of the amplifier. 

Though the drain switching shown with respect to FIG. 10 
illustrates switching of both the input transistors to achieve 
a transistor size (W/L) change and a change in the drain 
current, each of these changes could also be made indepen- 
dently to adjust the course gain control. Thus, the amplifier 

1000 could be comprised of a single set of differential input 
transistors which are coupled to multiple drain current 
sources through drain switches or alternatively a single set 
of drain current sources may be provided which are drain 
switch coupled to multiple differential input transistor pairs. 
However, it may be preferential to adjust both the current 
sources and the input transistor device sizes so as to maintain 
a relatively constant current density. The swilchable tran- 
sistor sizes and current values shown for the input stage 

1001 of FIG. 10 provide such a benefit for the 6 dB, 0 dB, 
and -6 dB gain levels. In this manner, both the input stage 
and output stage current densities may be maintained rela- 
tively constant for a majority of the gain levels to improve 
the distortion performance of the amphfier. By utilizing 
additional switches, the constant current densities could also 
be constant for the remaining gain levels. Whether all, some 
or no current densities are maintained constant is a design 
consideration in which the additional circuit complex should 
be compared to the distortion performance improvement 
obtained. 

The drain switching techniques disclosed herein are also 
advantageous in that the switches do not significantly 
degrade the distortion performance of the amplifier even 
though the switches are located within the signal path. More 
particularly, the input stage converts the input signal voltage 
to a current through the transconductance of the differential 
input transistors which is to a first order unaffected by the 
presence of the drain switches. The current is then dropped 
across the output stage devices which effectively convert the 
ctirrent signal back into a voltage signal. If the input and 
output stage devices have approximately the same current 



08/16/2004, EAST Version: 1.4.1 



6,141, 

17 

density, then the conversion of the signal from a voltage 
signal to a current signal and back to a voltage signal will 
occur with minimum distortion. 

It will be recognized that the course gain techniques 
disclosed herein are just one exemplary embodiment of 5 
course gain control. Other specific implementations of 
course gain control and/or drain switching may be utilized 
while still obtaining the general benefits of implementing a 
data detection system having separate course gain control 
and/or drain switching. Though shown herein with respect to 30 
drain switching on the input stage, it may also be recognized 
that drain switching may be utilized within the output stages. 
Thus, for example, if additional output transistors are pro- 
vided in place of an output transistors M4 or M5, drain 
switching may be utilized to selectively switch into the is 
output stage transistors having different voltages connected 
to the output stage transistors in order to achieve a course 
gain adjustment. 

The circuits disclosed herein may be used with a wide 
variety of comparators and the invention is not limited to any 20 
one type of comparator. One example comparator for use as 
comparator 74 may be seen in U.S. patent application Ser. 
No. 08/927,122, entitled Method and System For Sliced 
Integration Of Flash Analog to Digital Converters In Read 
Channel Circuits, to Marius Goldenberg and Russell 25 
Croman, filed Sep. 5, 1997, the disclosure of which is 
expressly incorporated herein by reference. 

Further modifications and alternative embodiments of this 
invention will be apparent to those skilled in the art in view 
of this description. Accordingly, this description is to be 30 
construed as illustrative only and is for the purpose of 
teaching those skilled in the art the manner of carrying out 
the invention. It is to be understood that the forms of the 
invention herein shown and described are to be taken as 
presently preferred embodiments. Equivalent elements may 35 
be substituted for those illustrated and described herein, and 
certain features of the invention may be utilized indepen- 
dently of the use of other features, all as would be apparent 
to one skilled in the art after having the benefit of this 
description of the invention. 40 

What is claimed is: 

1. A method of controlling the output of an amplifier, 
comprising: 

amplifying a data signal with the amplifier to generate an 
amplifier output, the data signal including unwanted ^5 
low frequency variations and the amplifier exhibiting 
input offsets; 

coupling a control loop between an amplifier input node 
that receives the data signal and the amplifier output 
node; and 

compensating the input offset of the amplifier and con- 
trolling the low frequency content of the data signal 
with the control loop to minimize offset voltages and 
low frequency signals at the amplifier output node. 

2. The method of claim 1, further comprising: 
interrupting the compensating and controlling step when 

a disturbance in the data signal occurs. 

3. The method of claim 2, the amplifier being a differential 
amplifier. go 

4. The method of claim 3, the control loop being coupled 
to only one input of the amplifier. 

5. A method of operating an electrical circuit, comprising: 
providing a single ended input signal to a first input node 

of a differential amplifier; 
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providing a control loop from an output of the amplifier 

to the first input node; and 
matching the amplifier input impedance at the second 

input node to the amplifier input impedance of the first 

input node. 

6. The method of claim 5, further comprising: 
compensating the amplifier input offset and controlling 

the low frequency content of the data signal with the 
control loop to minimize offset vohages and low fre- 
quency signals at the amplifier output node. 

7. The method of claim 6, further comprising: 
interrupting the compensating and controlling step when 

a disnirbance in the data signal occurs. 

8. The method of claim 6, the matching being accom- 
plished at least in part by replicating at least a portion of the 
control loop at the second input node. 

9. A data detection circuit capable of being coupled to a 
data storage medium to receive a data signal, comprising: 

an amplifier within the data detection circuit, the amplifier 
coupled to the data signal; and 
means for simultaneously compensating the input offset 
voltage of the amplifier and controlling the low frequency 
content of the data signal, the means also allowing the 
compensation and control to be halted in a bold state, the 
means comprising a control loop coupled between an input 
and an output of the amphfier, the control loop comprising 
a charge pump and a storage capacitor. 

10. The circuit of claim 9, the amplifier being a differen- 
tial amplifier, the control loop being coupled only to one 
input of the differential amplifier. 

11. A data detection circuit, comprising: 

a plurality of differential data inputs, the differential data 

inputs capable of receiving data from a data storage 

medium; 
at least one differential amplifier; 
a first amplifier input node of the differentia] amplifier 

coupled to at least one of the plurality of differential 

data inputs; 

a second amplifier input node of the differential amplifier 
coupled to at least one of the plurality of differential 

data inputs; 

a control loop coupled to the first amplifier input node and 
to at least one output node of the differential amplifier; 
and 

an impedance matching circuit coupled to the second 
amplifier input node, the impedance matching circuit 
creating an input impedance at the second amplifier 
input node that matches an input impedance at the first 
amplifier input node. 

12. The circuit of claim 11, the control loop generating a 
control signal, the control signal being provided to the first 
input to compensate for input offsets and control low fre- 
quency content of the data signal. 

13. The circuit of claim 11, further comprising: 

a data disturbance signal coupled to the control loop, the 
control loop responsive to the data disturbance to 
interrupt a control signal of the control loop. 

14. The circuit of claim 12, further comprising: 

a data disturbance signal coupled to the control loop, the 
control loop responsive to the data disturbance to 
interrupt a control signal of the control loop. 
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